Background: Obesity is associated with an increased risk of developing a variety of chronic diseases, most of which are associated with psychiatric disorders. We examined the associations of depression and anxiety with body mass index (BMI) after taking into consideration the obesity-related comorbidities (ORCs) and other psychosocial or lifestyle factors. Methods: We analyzed the data collected from 177 047 participants (agedX18 years) in the 2006 Behavioral Risk Factor Surveillance System. Current depression was assessed by the Patient Health Questionnaire-8 diagnostic algorithm. Lifetime diagnoses of depression, anxiety and ORCs were self-reported. The prevalence of the three psychiatric disorders was age standardized to the 2000 US population. Multivariate-adjusted prevalence ratios were computed to test associations of depression and anxiety with BMI using SUDAAN software. Results: The age-adjusted prevalence of current depression, lifetime diagnosed depression and anxiety varied significantly by gender. Within each gender, the prevalence of the three psychiatric disorders was significantly higher in both men and women who were underweight (BMIo18.5 kg/m 2 ), in women who were overweight (BMI: 25-o30 kg/m 2 ) or obese (BMIX30 kg/m 2 ), and in men who had class III obesity (BMIX40 kg/m 2 ) than in those with a normal BMI (18.5Ào25 kg/m 2 ). After adjusting for demographics, ORCs, lifestyle or psychosocial factors, compared with men with a normal BMI, men with a BMIX40 kg/m 2 were significantly more likely to have current depression or lifetime diagnosed depression and anxiety; men with a BMIo18.5 kg/m 2 were also significantly more likely to have lifetime diagnosed depression. Women who were either overweight or obese were significantly more likely than women with a normal BMI to have all the three psychiatric disorders.
Introduction
Mental health disorders have been an important and growing public health concern in the United States. According to a report of the National Comorbidity Survey Replication, about 46% of people had a lifetime history of mental disorders meeting criteria for one or more DSM-IV disorders (Diagnostic and Statistical Manual of Mental DisordersFourth Edition, American Psychiatric Association).
1,2 About 26% of people (29% for a lifetime history of anxiety disorders and 17% for a lifetime history of major depression disorders) had a diagnosable mental disorder in any given year, 1, 2 which was associated with a cost of $150 billion on mental disorders each year. 3 A growing body of evidence has shown that obesity, highly prevalent and increasing in the United States and worldwide, [4] [5] [6] is associated with an increased risk of developing psychiatric disorders. [7] [8] [9] [10] [11] [12] [13] [14] [15] However, most of the earlier studies failed to evaluate the effects of obesity-related comorbidities (ORCs), lifestyle factors (such as smoking, alcohol drinking and physical activity) or other psychosocial factors (such as general health status, emotional support and life satisfaction) on mental health simultaneously, although these factors also affect mental health status 13, [16] [17] [18] [19] or are associated with mental disorders. 16, [20] [21] [22] [23] [24] [25] On the other hand, some other studies have found no relationship 26 or an inverse association of overweight/obesity with mental disorders in men. [27] [28] [29] Therefore, the results on the relationship of mental disorders with body mass index (BMI) remain controversial. This study, using a large nationally representative sample, was to examine the associations of depression and anxiety with BMI after taking into consideration multiple risk factors including demographic characteristics, ORCs and other lifestyle or psychosocial factors.
Methods
Data for our analyses came from the Behavioral Risk Factor Surveillance System (BRFSS), a population-based telephone survey of health-related behaviors regarding the leading causes of death among non-institutionalized US adults aged X18 years in all 50 states, the District of Columbia and three US territories of Guam, Puerto Rico and the Virgin Islands. The BRFSS survey design, sampling methods and weights have been described elsewhere, 30 and BRFSS data have consistently been found to provide valid and reliable estimates when compared with other national household surveys in the United States. [30] [31] [32] current depression status was assessed using the Patient Health Questionnaire-8 (PHQ-8) diagnostic algorithm, which omits the ninth question of the PHQ-9 on the thoughts of suicide or self-injuries, because adequate counseling or intervention could not be provided to respondents over the phone. The detailed information on the PHQ-8 has been described elsewhere. 13, 21, 23 Briefly, respondents were asked about how many days in the past 2 weeks they experienced symptoms of depression, including (1) little interest or pleasure in doing things; (2) feeling down, depressed or hopeless; (3) had trouble falling asleep or staying asleep or sleeping too much; (4) felt tired or had little energy; (5) had a poor appetite or eaten too much; (6) felt bad as a failure or let themselves or their family down; (7) had trouble concentrating on things such as reading the newspaper or watching the TV; or (8) moved or spoke too slowly, or being so fidgety or restless that they were moving around a lot more than usual. The responses were scored (depression severity score) as 0 point for 0À1 day, 1 point for 2À6 days, 2 points for 7À11 days and 3 points for 12À14 days. Persons with a total depression severity score of X10 were defined as having current depression. The PHQ-8 has been shown to provide valid measurements on major depression in the general population similar to that of the PHQ-9, [33] [34] [35] [36] and the scoring of X10 has a sensitivity and specificity of 88% for major depression. 34 Lifetime diagnosed depression and anxiety were assessed by asking respondents whether they had ever been told by a doctor or other healthcare provider that they had a depressive disorder (including depression, major or minor depression, or dysthymia) or an anxiety disorder (including acute or post-traumatic stress disorder, anxiety, generalized anxiety disorder, obsessive-compulsive disorder, panic disorder, phobia or social anxiety disorder). The ORCs evaluated in this study included diabetes, heart attack or myocardial infarction, angina pectoris, stroke and asthma, which were assessed by asking respondents whether they had ever been told by a doctor or other health professional that they had these conditions (or still had asthma). For diabetes, those who answered that they had not been told so, had diabetes only during pregnancy or had borderline diabetes were categorized as 'no diagnosed diabetes. ' The demographic variables in our analyses included respondents' age, sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic and others), education (less than high school diploma, high school graduate and some college or college graduate), employment (employed for wages, self-employed, unemployed and retired) and marital status (married, divorced, never married and others). In addition, we included in our analyses respondents' status on smoking, heavy alcohol drinking, leisure-time exercise, obtaining emotional support (always, usually, sometimes, rarely and never), life satisfaction (very satisfied, satisfied, dissatisfied and very dissatisfied) and general health status (excellent, very good, good, fair and poor). Current smokers were those participants who had smoked X100 cigarettes during their lifetime and were still smoking. Current nonsmokers were those who either had smoked o100 cigarettes during their lifetime or had smoked X100 cigarettes in their entire life but stopped. Heavy alcohol drinkers were women who had X1 drink per day or men who had X2 drinks per day. Leisure-time exercise was assessed by asking respondents whether during the previous month, other than their regular job, they had participated in any physical activities or exercises.
Statistical analyses
Among a total of 226 646 survey participants, after excluding from the analyses participants who responded 'don't know/ not sure,' refused to answer or had missing responses for any of the questions described above, 177 047 participants (Figure 1 ). Specifically, among those with a BMIX25 kg/m 2 (overweight and obesity), women had a higher prevalence of current depression than men (Po0.001). Women also had a higher prevalence of lifetime diagnosed depression and anxiety than men for all BMI categories except for those with a BMIo18.5 kg/m 2 (Po0.01 for all). Among men, the prevalence of the three psychiatric disorders was significantly higher in those participants with a BMIo18.5 kg/m 2 (underweight) or X40 kg/m 2 (class III obesity) ( Figure 1 ) compared with those with a normal BMI (Po0.01 for all). Among women, the prevalence of the three psychiatric disorders was higher in those with a BMIo18.5 kg/m 2 than in those with a normal BMI (Po0.01 for all), and thereafter it increased in a linear manner with increasing BMI (overweight and obesity) ( Figure 1 ). Among all racial/ethnic groups, non-Hispanic whites had the lowest prevalence of current depression but had the highest prevalence of lifetime diagnosed depression; non-Hispanic blacks had the lowest prevalence of lifetime diagnosed depression and anxiety (Table 1 ). In addition, the lowest prevalence of the three psychiatric disorders was observed among those who were X70 years of age, educated with greater than a high school diploma, employed (both self-employed or employed for wages) or married among all categories of these demographic characteristics ( Table 1) . The prevalence of the three psychiatric disorders was significantly higher among participants with any of the five ORCs than among those without (Po0.001 for all, Table 2 ); the prevalence generally increased with an increasing number of ORCs except that the prevalence of the three psychiatric disorders was similar in those participants with two and three of the ORCs (Table 2) . Moreover, regardless of their disease status (with or without any of the five ORCs), women had a significantly higher prevalence of current depression, lifetime diagnosed depression and anxiety than men with the same conditions (Po0.01 for all, Table 3 ).
The log-binomial modeling analyses were gender stratified due to the significant interactions between gender and BMI for all three psychiatric disorders. Among men, after adjustment for demographic variables (age, race/ethnicity, education, employment and marital status), those with a BMIX30 kg/m 2 (all categories of obesity) were significantly more likely to experience current depression or have lifetime diagnosed depression and anxiety than those with a normal BMI (18.5Ào25 kg/m 
Discussion
Our results from a large, nationally representative sample suggest that disparities in the prevalence of current depression, lifetime diagnosed depression and anxiety exist among people with different BMI levels, independent of their disease status or other psychosocial or lifestyle factors. These Depression and anxiety in association with BMI G Zhao et al findings call for more comprehensive efforts and/or joint intervention programs to improve mental health associated with obesity or abnormal body weight. This study showed that, among men, after fully adjusting for demographics, ORCs and psychosocial or lifestyle factors, those who were underweight were 85% more likely to have diagnosed depression during their lives, and those who had class III obesity were 38% more likely to experience current depression, 40% more likely to have lifetime diagnosed depression and 42% more likely to have lifetime diagnosed anxiety. Among women, those who were either overweight or obese (class I, II and III) were 17À31% more likely to experience current depression, 17À53% more likely to have diagnosed depression or 9À17% more likely to have diagnosed anxiety at some time in their lives after full adjustment.
Our findings add to the growing evidence that BMI is an independent predictor of mental disorders. Importantly, the current rising trend in obesity is a serious and growing public health problem. 4, 5 By 2003À2004, the rates of obesity in the US adult population aged X 20 years were 31.1% for men and 33.2% for women. 6 Obesity is associated with an increased risk of developing a variety of chronic comorbidities such as diabetes, cardiovascular diseases (coronary artery disease and heart failure), hypertension, stroke, sleep apnea, gallbladder disease, osteoarthritis, cancers (breast, colon, endometrial and prostate cancers) and many others. [37] [38] [39] Earlier studies have consistently reported that patients with diabetes or coronary heart disease are more likely to have mental disorders than those without. [20] [21] [22] [23] [24] [25] Our results provide additional evidence that people with diagnosed diabetes, myocardial infarction, angina pectoris, stroke or asthma have a significantly higher prevalence of depression and anxiety than those without these conditions. Compared with the earlier studies that examined the relationship of mental disorders with overweight/obesity, one of the advantages of this study was that we were able to adjust for multiple risk factors of mental health disorders, including demographics, ORCs, psychosocial and lifestyle factors with a large sample size. After adjustment for all these variables, the associations between depression/anxiety and BMI levels remained significant in this study, which is consistent with the findings of most recent studies. [7] [8] [9] [10] [11] [12] [13] [14] [15] Moreover, our results agree with the earlier studies in that the mental disorder status or its association with BMI levels varies by gender. 7, 20, 28, 29, 40 However, our results differed from those of several other studies that have reported no relationship 26 or an inverse association of overweight/obesity with mental disorders in men. [27] [28] [29] This could be explained by the differences in study population, measurements for psychiatric disorders or potential confounding variables included in the analyses in these studies. For example, a long-term, large prospective study conducted by Lawlor et al. 27 reported that greater BMI Depression and anxiety in association with BMI G Zhao et al measured in middle life (45À64 years old) is inversely associated with the risk of future hospital admission for mental health problems. In this study, the cohort was followed up for a median of 29 years, and by the time when the psychiatric disorders were evaluated, the study population had reached an advanced age. Our study and some of other studies have shown that people over 70 years old had a lower prevalence of depression and anxiety. 2, 21, 23 Therefore, the apparent conflict of the results of this study with those of ours may partially result from the age confounding. In addition, in the study by Lawlor et al.
27
, those with diagnosed mental illnesses over the follow-up period but without a need for hospitalization were not included as cases in the analysis. Another study conducted by Jorm et al. 40 also
reported that women who were underweight were more likely to have depression or lower emotional well-being, whereas the overweight and obese women tended to have better mental health than women with a normal BMI after controlling for potential confounding factors (including physical illnesses, lack of physical activity, poorer social support, less education and financial problems). However, this study was conducted in people aged 20À64 years from an Australian community with a small sample size (n ¼ 6919), which may partially explain the inconsistent results of this study with those of ours.
Although our study demonstrated significant associations of depression/anxiety with BMI with strong statistical power, there were several limitations for this study. First, all information including BMI, chronic disease status and mental disorders was self-reported, thus subject to recall bias. Second, it has been reported that the prevalence of overweight or obesity was underestimated by self-reported BMI compared with that by measured BMI, 41 which is consistent with our finding that the prevalence of obesity was lower in this study (26.0%) than that reported by Ogden et al. (32.2%, based on the measured BMI in the National Health and Nutrition Examination Survey). 6 Therefore, we may have underestimated the associations of BMI with mental disorders. Third, although we have adjusted for five major ORCs in our analyses, we have not included in our models other conditions associated with overweight/obesity, such as hypertension, sleep apnea, gallbladder disease, osteoarthritis and cancers (breast, colon, endometrial and prostate cancers) because of the lack of information on these conditions in this study. Finally, the direction of causality between BMI and mental disorders could not be inferred because of the cross-sectional nature of our study. In fact, the relationship between obesity and mental health can be bidirectional. Obese people are often disadvantaged in both their private and working lifes. They have a lower Depression and anxiety in association with BMI G Zhao et al socioeconomic status, enjoy less social support, have fewer peer relationships or opportunities for marriage, have lower self-esteem and are more likely to be confronted with discrimination in gaining acceptance to a college, in finding employment opportunities or in achieving a promotion. 37 All these insults may contribute to mood disorders or emotional stress, which may accumulate over time and make them more vulnerable to developing mental disorders. In addition, obesity is associated with multiple somatic conditions such as hypertension, diabetes, dyslipidemia, joint problems or arthritis, 37 and the clusters of overweight/ obesity with these conditions predispose people to impaired physical functioning and impaired health-related quality of life, 42 which may also contribute to mental illness. In contrast, weight loss may bring significant improvements in physical function, self-esteem, sexual life, health-related quality of life and overall mental health status. 43, 44 On the other hand, stress reactions and depression have been linked to visceral fat accumulation and abdominal obesity. 45, 46 People with emotional disorders or depression are often more likely to be overeating or have a binge eating disorder [47] [48] [49] and less likely to engage in physical activity, 50, 51 which may contribute to weight gain. An underlying pathophysiological mechanism for overeating or binge eating disorder may result from a dysregulation of the hypothalamic-pituitary-adrenal axis because studies have consistently reported that hypothalamic-pituitaryadrenal axis perturbations (that is, increases in stress hormones such as cortisol and other mediators) occurred in people with major depressive disorders, post-traumatic stress disorder or other anxiety disorders, 45, [52] [53] [54] [55] which stimulate food intake (through neuropeptide Y system) and blunt the efficiency of inhibition of food intake (through leptin system), thereby increasing food intake and body fat accumulation. 45 In addition, the use of psychotropic Depression and anxiety in association with BMI G Zhao et al tics) among people with depression or other mental illness may also explain why these people gain weight and become obese as weight gain is a common side effect of psychotropic medications. 56 Physical and mental health promotion should become a joint priority in public health strategies. It has been projected that by 2020, depression will become the second leading cause of disease (second to heart disease) with respect to their contribution to the global burden of disease measured by disability-adjusted life years. 57 Our findings underscore the importance of abnormal BMI (that is, underweight, overweight and obesity) as a predictor of mental health status independent of physical morbidities. As the prevalence of overweight and obesity has increased in the United States and worldwide, it is important to track ORCs including mental disorders, which could further exacerbate the course and outcomes of physical morbidities and ultimately result in disability or impaired health-related quality of life. 24, [58] [59] [60] Indeed, public health intervention programs aimed to attain an ideal body weight or BMI in the population could beneficially affect both physical and mental health status. 
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≥ 40 Figure 3 Multivariate adjusted prevalence ratios (APRs with 95% CIs) for current depression, lifetime diagnosed depression and anxiety by BMI levels among US adult women. The variables used in models 1À3 were the same as described in Figure 2 , BRFSS, 2006. APRs, adjusted prevalence ratios; BMI, body mass index; BRFSS, Behavioral Risk Factor Surveillance System; CI, confidence interval.
Depression and anxiety in association with BMI G Zhao et al
